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Ion implanter 

(57) An ion implanter for sequentially processing 
single semiconductor wafers comprises a scanning arm 
extending along a first axis. A wafer holder is mounted 
. on a free end of the arm so as to be rotatable about a 
second axis centred on and perpendicular to the plane 
, of the wafer. The wafer can be scanned through an ion 
beam by reciprocating the arm transversely of the first 
axis. A rotary motor is mounted. in the scanning arm 
: near the free end with its axis of rotation parallel to the 
first axis and perpendicular to the second axis. A right 
angle rotary drive connects the motor to the wafer 
holder A hard stop is provided on the motor to prevent 1 
the wafer from being rotated by more than 360°; Con-- 
nectjons to the wafer on the holder are provided by a 
flexible circuit coiled about the second axis. 

Where the scanning mechanism can itself be 
rotated about an axis parallel to the arm so as to tilt the 
scanning direction,, the wafer holder is itself further 
rotatable about the arm axis relative to the scanning 
. mechanism. This enables the wafer to be rotated to the 
horizontal when the mechanical scanning mechanism 
• hojds the arm with the wafer above the beam. 
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Description 
Field of the invention 

[0001] This invention is concerned with improve- s 
ments in or relating to ion implanters. 



Background of the Invention 

[0002] Ion implanters are commonly used in the to 
manufacture of semiconductor and metallic products for 
implanting ions into semiconductor or metallic sub- 
strates to change the conductivity of the material in such 
substrates or in predefined regions thereof, ion implant- 
ers generally comprise an ion beam generator for gen- is 
. erating a beam of ions> and means for selecting a 
particular species of ions in the ion beam and for direct- 
ing the ion beam through a vacuum chamber onto a tar- 
get substrate supported oh a substrate holder, 
[0003] In typical prior art implanters, for sequentially 20 
processing single wafers, such as are disclosed in US 
Patents 4,929,840, 4,975,586 and 5,003,183, the sub- 
:. ? tra te bolder is mounted for rotation so as to rotate the 
• ^holder in front of the ion beam, with the substrate holder' 
being rotatable about a first axis extending substantially 25 
along a wafer diameter in the plane defined by the wafer 
surface, and about a second axis perpendicular to the 
first axis and extending through the centre of the wafer. 
The drive systems providing for rotation of the wafer 
support are described as being operable independently 30 
of one another and include- stepper motors mounted 
outside the vacuum chamber. 

[0004] The motor for rotating the wafer holder about 
the wafer axis is coupled to the wafer holder via two rei- 
• atively lengthy drive shafts coupled by a bejt transmis- . 35 
sion, the final of the two drive shafts being coupled to 
the wafer holder by a bevel gear arrangement 
[0005] In US Patent 5,229,61 5, there is disclosed a 
single wafer ion implanter in which a substrate holder, or 
platen assembly, is mounted for rotation about the wafer 40 
axis on an drm and is coupled to a motor by a chain 
drive system. The arm has a housing containing the . 
motor and is arranged also to enclose the chain drive 
system. The resulting arm is bulky in cross-section and 
relatively heavy. 45 

Summary of the Invention 

[0006] An objective of the present invention is to. 
provide an implanter with a scanning arm assembly, so- 
enabling rotation of the wafer, holder about the wafer 
axis, which is lighter and more reliable than the prior art. • '• 
[0007] The invention provides an ion implanter for ' 
sequentially processing single semiconductor wafers, 
comprising a scanning ami extending along a first axis 55 
between an outer end ahd an inner end, a wafer holder 
mounted on the inner end of said ami to hold a wafer in 
a plane generally parallel to said first axis and arranged 



for rotation relative to the arm about a second axis cen- 
tered on and perpendicular to the plane of a wafer on 
the wafer holder, a scanning mechanism connected to 
the outer end of said arm for repeatedly reciprocating 
the arm transversely of said first axis to scan a wafer on 
the wafer holder to and fro across an ion beam, a rotary 
motor mounted in the scanning arm inwardly of said 
outer end thereof, the rotary motor having its axis of 
rotation extending in the direction of said first axis and 
perpendicular to said second axis, and a right angle 
rotary drive mechanism connecting the motor to the 
wafer holder for controlling rotation of the wafer holder 
about said second axis. 

[0008] By mounting the drive motor for the wafer 
holder in the scanning arm with the axis of the motor 
aligned with the scanning arm axis, the cross-sectional 
profile of the scanning arm can be substantially 
reduced. Importantly also, the right angle drive mecha- 
nism connecting the motor to the wafer holder is less 
bulky, extends over a shorter distance, and is more reli- 
able; 

[0009] - Preferably the right angle rotary drive mech- : 
anism comprises a right angle direct drive gear driveri • 
by the motor and : a belt drive inteTconhecting the "right • 
angle gear and the wafer holder. 
[001 0] The rotary drive mechanism may provide a * 
reduction ratio of R:1 (where R is >1), between the' 
motor and the wafer holder, and further include a hard" 
stop limiting rotation of the motor to a range of substan- ' 
tially R turns, such as to limit rotation of the wafer holder 
to a maximum of just over '360V 
[001 1 ] In some applications, the wafer holder may :" 
include electrical components, such as electrodes on 
the platen of the wafer holder for holding the waferto the 
wafer holder by electrostatic force. A flexible conductor 
element may then be employed to provide electrical 
connections from the scanning ami to the electrical 
components of the wafer holder, said flexible conductor, 
element being coiled about said second axis to accom- / 
modafe. rotation of the wafer holder by coiling , and 
uncoiling. *' 
[0012] The present invention also provides an ion"- 
implanter for sequentially processing single semicon- -. 
ductor wafers comprising a wafer holder mounted for ■ 
rotation, about an axis centred on and perpendicular to 
the plane of a wafer on the wafer holder, a rotary motor, 
arid a drive mechanism connecting the motor to the 
wafer holder to control rotation thereof about said axis, 
said drive mechanism providing a reduction ratio R:l[ 
where R is >1 t between the motor and the wafer holder! • 
and a hard stop limiting rotation of the motorto a range 
of substantially R turns such as to limit rotation of the 
wafer holder to a maximum of just over 360°. 
[0013] " The invention still further provides an ion 
implanter for sequentially processing single semicon- " 
ductor wafers comprising a wafer holder including elec- ' 
trical components and mounted for rotation about ah." 
axis centred on and perpendicular to the plane of a 
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wafer on the wafer holder, a motor, a drive mechanism 
connecting the motor to the wafer holder for controlling 
rotation thereof about said axis, and a flexible conductor 
element to provide electrical connections^ the electri- 
cal components of the wafer holder, said flexible con- 5 
ductor element being coiled about said axis to 
accommodate rotation of said wafer holder by coiling 
and uncoiling. 

[0014] The present invention still further provides 
an ion implanter for sequentially processing single sem- id 
iconductor wafers, comprising a scanning arm extend- 
ing along a generally horizontal axis between an outer 
end and an inner end, a wafer holder mounted on the ' 
inner end of said arm to hold a wafer in a plane gener- 
ally parallel to said horizontal axis, a scanning mecha- is 
nism connected to the outer end of said arm for applying 
a repeated reciprocating linear motion to the arm main- 
taining said axis generally horizontal, said linear motion 
being transverse to said axis to scan a wafer on the 
wafer holder to and fro through an ion beam, and a tilt 20 
adjusting mechanism for rotating the scanning mecha- 
nism about an axis parallel to said horizontal axis of the 
z scanning arm for adjusting the angle to the vertical of 
- -said linear reciprocating motion applied by said scan- * 
ning mechanism, wherein the outer end of said scan- 25 
ning aim is mounted for rotation of the arm about said 
horizontal axis of the arm relative to said scanning . 
mechanism. 



Brief Description of the Drawings 30 
[001 5J 

: Figure 1 is a perspective view of the processing 

chamber of an ion implanter embodying the present 35 
invention; 

Figure 2 is a diagrammatic view illustrating various 
motions of the substrate holder during operation of 
the ion implanter; 

Figure 3 is a rear view, with parts removed for pur- 40. 
poses of clarity, of the inner part of an arm assem- 
bly embodying the present invention; 
Rgure 4 is a side view of the arm assembly shown 
in Rgure 3 and viewed in the direction of the arrow 
. T therein; 45 
Figure 5 is an enlargement of a part of Rgure 4; 
and 

Figure 6 is a view of the end stop used to limit the 
range of rotation of the motor in the arm. 

50 

Detailed Description of the. Preferred Embodiments - 

[0016] Referring firstly to Rgure 1, there is shown 
the process chamber of an ion implanter which can be 
used to scan mechanically 200 or 300 mm substrates in 55 
the form of silicon wafers through an ion beam, which is 
generally indicated at 13. The illustrated arrangement is 
similar to that described in International Patent Applica- 



tion No. WO 99/13488 the disclosure of which is incor- 
porated herein by reference. 

[0017] In the illustrated arrangement, the ion beam 
is fanned or scanned at relatively high speeds (e.g. in 
the range of about 150Hz) in a first direction transverse 
to the beam direction. Mechanical scanning moves the 
. wafer back and forth at relatively lower speeds (e.g. in 
the range of 0.5 to 1 Hz) through the scanned ion beam 
in a second direction orthogonal to said first direction. 
[0018] Referring to Rgure 1 , the ion implanter proc- . 
ess chamber comprises a vacuum chamber 24 which is 
connected to other parts of the ion implanter to receive 
a scanned ion beam 1 3. The ion source, mass selection 
magnet and scanning arrangements of the ion implanter 
are not described further herein as they do not contrib- 
ute to the concept of the present invention. 
[0019] Inside the vacuum chamber 24, the wafer 18 
is mounted on a wafer holder 10 which is supported at 
the inner end of a scanning arm 11. The scanning arm 
1 1 is itself mounted at its outer end on a scanning 
mechanism indicated generally at 17. The scanning 
mechanism comprises a linear reciprocating part 92 on 
-'■ which is mounted the outer end of the scanning arm 11 
- carrying the wafer holder 10/The reciprocating part 92 ' 
is itself mounted on a rotary part 21 which is mounted 
for rotation in the direction of arrow 22 on an end wall 
24A of the vacuum chamber 24. 
[0020] Reciprocating movement of the part 92 of 
the scanning mechanism is effective by an actuator 14. 
The rotatable part 21 of the scanning mechanism 17 is 
in the present embodiment, mounted by means of a low 
friction air bearing and vacuum seal arrangement as 
described in the above referred International specifica- 
tion. Similarly, the sliding part 92 of the scanning mech- 
anism is also mounted to the rotary part 22 by means of 
a friction free air bearing and vacuum seal arrangement, 
again as disclosed in the International specification. 
[0021] In the embodiment disciosed In Rgure 1, the 
scanning arm 1 1 is mounted in the sliding part 92 so 
that the scanning arm 1 1 can itself rotate about its axis 
12. Thus, the scanning arm is mounted in a rotary seal 
30 in the sliding part 92 so that the arm can rotate rela- 
tive to the sliding part as indicated by the arrow 31 . The 
rotational position about the axis 1 2 of the scanning arm 
11, can be controlled by means of a motor 32 mounted 
on the sliding part 92 and driving the scanning arm 1 1 ' 
for rotation about the axis 12, by means of gears 33. 
[0022] Rgure 2 illustrates the various freedoms of 
movement of the wafer holder 10 on the scanning arm 
1 1, provided by the rotary member 21 and the sliding 
part 92 of the scanning mechanism 17. In Rgure 2 the 
scanned ion beam is illustrated at 13. The view of Rg- 
ure 2 is taken in the plane of the scanned beam. Oper- - 
ation of the actuator 14, reciprocates the scanning arm 
1 1 and the wafer holder 1 0 to and fro in the direction of 
arrow 40. The extent of the reciprocal motion in the 
direction of arrow 40 is sufficient so that the wafer 1 8 on 
the wafer holder 10 completely clears the ion beam 13 
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at each end of the reciprocating stroke of the scanning 
mechanism. The position of the arm and wafer is illus- 
trated in dotted outline at the other end of the reciprocat- 
ing scan beneath the beam 13. 
[0023] The angle relative to the vertical at which the 
scanning motion takes place can be adjusted by rotat- 
ing the rotary part 21 of the scanning mechanism 17. 
The centre of rotation of the rotary part 21 is arranged to 
be substantially in the plane of a wafer mounted on the 
wafer holder 10, when the wafer holder and scanning 
arm 1 1 is orientated to be parallel to this reciprocating 
scan direction. 

[0024] As a resutt, the reciprocating scan direction 
can be altered, for example to the orientation of arrow 
41 , whereupon the wafer is then still scanned in its own 
plane along the line of the arrow 41 . Moreoverthe arrow 
41 passes through the same point 42, which is the axis 
of rotation of the rotary part 21 of the scanning mecha- 
nism. 

[0025] In this way, the angle of tilt of the wafer rela- 
tive to the ion beam during scanning can be adjusted as 
required. 

[0026] " "In the present embodiment, the scanning. , 
arm T1 is itself mounted for rotation about its own axis 
45. If the scanning arm and wafer holder 10 is held fixed , 
in the orientation illustrated in Figure 2 with the wafer 1 8 
in the plane of the scanning direction of the reciprocat- 
ing part 92, rotation of the rotary part 21 of the scanning 
mechanism through 90° anticlockwise from the vertical 
orientation illustrated in Figure 2, will bring the wafer 
holder 10 to a horizontal orientation carrying the wafer 
18 on top. A processed wafer could be removed from 
the holder in this orientation and a fresh wafer supplied 
to the holder. However, in this orientation, the wafer 
holder is invariably located in the/ position of the 
scanned ion beam 13. Therefore, the beam must be 
interrupted upstream of the processing position, if wafer 
unloading arid loading is to be' performed in this way 
using only the rotation of the mechanical scanning 
mechanism 17 to bring the wafer holder to the horizon^ 
tal orientation. 

[0027] By additionally arranging for the scanning 
arm 1 1 to be itself rotatable about its axis 45, the wafer 
holder can be rotated, by operation of the drive motor 32 
rotating the scanning arm 1 1, to the horizontal position 
as illustrated in dotted outline at 46 in Figure 2, when 
the linear scanning mechanism has the scanning arm 
11 at the upper end of a linear scan, the scanning direc- 
tion being generally vertical. In this way, the wafer 
holder 10, can be brought, to the. horizontal position 
when the wafer holder is well clear above the line of the 
scanned ion beam 13. As a result, it becomes possible 
to load and unload wafers from the wafer holder 1 0 with- 
out interrupting the ion beam 13. 
[0028] As illustrated in Figure 1, the ion implanter 
includes a controller 15 connected to control the opera- 
tion of the reciprocating actuator 1 4 as well as the motor 
32 controlling the orientation of the scanning arm 11. 



The controller 15 may also be arranged to effect control 
of the rotary position of the rotary part 21 of the scan- 
ning mechanism 17. The controller 15 is illustrated in 
Figure 1 receiving signals from a slot Faraday 16 via an 
5 integrator 73. The slot Faraday 1 6 with the integrator 73 
allows a signal to be generated representative of the 
current in the ion beam which may be used as a control 
input to the controller 15 for dose monitoring purposes. 
[0029] Figure 1 also illustrates schematically a 
to wafer handling arrangement 99 providing a source of 
fresh wafers for processing in the chamber 24. Typically 
a vacuum robot is provided inside the chamber 24 for 
removing processed wafers from the wafer holder 1 0 
when the wafer holder is in the horizontal orientation as 
is described above with reference to Figure 2, and for 
delivering fresh wafers to the wafer holder for subse- 
quent processing. 
[0030] In order to automate the procedure, the con- 
troller 15, which may incorporate one or more micro- 
20 processors, is arranged so that at the end of an implant 
process* the rotary part 21 of the scanning mechanism 
17 brings the reciprocating direction of .the sliding.part 
92 to the vertical, brings.the sliding part 92 to the upper- 
most position with 
25 1 3, and then rotates the scanning arm 1 1 about its axis 
to bring the wafer holder 1 0 to the horizontal position as 
illustrated at 46 in Figure 2. 

[0031 ] The vacuum robot within the vacuum cham- 
ber 24 can then be controlled to remove the processed 
30 wafer from the holder 1 0 and deliver a fresh wafer to the 
holder for subsequent processing. , 
[0032] In the scanning arm assembly illustrated in 
Figure 1 , the wafer holder 1 0 is mounted on the arm 1 1 
so as to be rotatable about an axis normal to the surface 
35 oi and centred on the substrate itself. The arm 1 1 is hol- 
low and extends through the rotary vacuum seal 3d in 
the sliding part 92 of the scanning mechanism 17, so 
that the interior of the arm is at atmospheric pressure. 
Referring to Figures 3, 4 and 5 the arm 1 1 is of generally 
40 cylindrical section and has an annular collar portion 
112, sealed to an elongate housing generally indicated 
at 114. 

[0033] Adjacent an inner end of the housing 114 
remote from its coupling to the arm 1 1 , the housing 1 1 4 
45 has a wall portion 1 1 6 in which is formed a stepped cir- 
cular aperture 118 through which a hub 120 of the sub- 
strate holder, generally indicated at 122. is mounted for 
rotation about an axis B. The hub 120 is cylindrical and 
has a stepped annular flanged end portion 124 which 
so seats in spaced relationship from the stepped surface of 
the aperture 118. 

[0034] : The substrate holder 1 0 comprises a circular' 
•' metal platen 126 which is mounted concentrically with 
the hub 1 20 for rotation about the axis B. The platen 1 26 
55 is of a diameter such as to receive a substrate, e.g. in 
the form of a disc-shaped semiconductor wafer. 
[0035] The hub 120, is mounted for rotation in a 
bearing assembly 128 in a bearing support provided by 
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an annular sleeve 130 which is of generally L-section 
and is secured to the inside face of the wall portion 1 1 6 
of the housing 114, concentrically with the circular aper- 
ture 118. 

[0036] The surface of the hub 120 is sealed against 
the inner surface of the sleeve 130 by a rotary vacuum 
seal 132 which may be of standard type. 
[0037] Mounted on the hub is a spool 134 and an 
annular skirt 148 which is coaxial with the axis B and 
which provides a driven wheel of a drive belt arrange- 
ment generally indicated at 150. The drive belt assem- 
bly comprises the driven wheel 148, a belt 152 held in 
tension and a drive wheel 154. 
[0038] • As can be seen from the Figures, and from 
Figure 4 and 5 in particular, the substrate holder is 
securely mounted for rotation in the arm. Rotation of the 
substrate holder is achieved by means of the drive belt 
arrangement 150, the drive wheel 154 of which is itself 
mounted on a shaft 156. An electric motor 158 is 
mounted in the housing with its axis of rotation aligned 
parallel to the axis M of the scanning arm 11 and per- 
pendicular to trie axis B of the wafer holder. The motor 
; ; 158 drives the shaft 156 via a right angle drive assembly 

. .. i57.::r : .!' "". : ".: ::y - 

[0039] The body of the spool 134 provides a cylin- 
drical former around which is loosely coiled a flat heli- 
cally wound flexible conductor 160 which provides 
electrical connections to electrical components on the 
wafer holder 126, such as electrodes for electrostati- 
cally clamping wafers to the platen of the holder. The 
conductor is secured at an inner end to the spool and is 
sufficiently loosely wound that it can accommodate a 
360° rotation of the substrate holder without becoming 
tightly wound. The opposite end of the conductor 1 60 is 
connected to a connector 1 62 whereby it can be electri- 
cally connected to power supplies and signal lines as 
required. 

[0040] The flexible conductor 1 60 may be a flexible 
printed circuit carrying multiple conducting, tracks and 
formed as a tape coiled around the spool 134. 
[0041] When operating the ion implanter, the wafer 
holder 122 may be rotated to different orientations dur- 
ing a single implant process. For example, the implanter . 
may be used for performing angled implants, typically 
for implanting into the side walls of trenches or other 
etched structures on the wafer surface. In order to 
ensure that wails at all orientations on the wafer surface 
are implanted, a wafer holder may be twisted in steps, 
typically of 90°, about its own axis during the implant 
process. It will be appreciated that the total range of ori- 
". entatipns required can be provided by a single turn of 
the wafer holder through 360°. 

[0042]" Providing the coiled flexible conductor ena- 
bles electrical connections to be provided to the rotary 
wafer holder in a reliable and simple fashion. 
[0043] In order to ensure that the wafer holder is not 
rotated by the motor 158 through significantly more than 
• 360° in total, a hard stop arrangement is provided to 



limit rotation of the motor 158 as illustrated in Figure 6. 
[0044] The right angle drive arrangement 157 pro- 
vides a sixteen-to-one transmission ratio between the 
motor and the shaft 156. The hard stop mechanism 
5 illustrated in Figure 6 is in fact associated with the shaft 
156. In Figure 6, the drive wheel or pulley 154 on the 
shaft 156 carries an axially extending pin 201. When the 
shaft 156 is rotated by the motor 158, the pulley 154 
carries the pin 201 in a circular path around the axis of 
10 the shaft 156. 

[0045] A ring element 202 is mounted for free rota- 
tion around the shaft 156 and carries intermediate stop 
member 203. The stop member 203 has cam surfaces 
204 and 205 at a radially outer end of the stop member 
is 203, and these cam surfaces engage the operating : 
levers 206 and 207 of respective micro switches 208 
and 209. The micro switches 208 and 209t provide 
emergency cut out of the energising supplies to the 
motor 158. 

20 [0046]- It should be understood that normally the 
motor 158 is controlled by an external controller, such 
as controller 1 5 illustrated in Figure 1 , to provide a pre- 
... ^npined amount of rotation of the. wafer holder as 
- required. Proper control of the motor 158 will normally 
25 ensure the motor operates only between limits of rota- 
tion which correspond to the required maximum 360 6 
rotation range of the wafer holder. However, in the event 
of a control failure, it is important to ensure that the 
motor 158 does not attempt to drive the wafer holder 
30 beyond the predetermined 360° range of rotation, which 
would then cause damage to the flexible conductor ele- 
ment 160. Accordingly, the micro switches 208 and 209 
are provided to cut off the power supply to the motor 
158 if the motor is driven by the external controller 
35 beyond the required range. 
r [0047] The gearing between the pulley 154 and the 
wafer holder provides a further reduction of about 
1.67:1, provided essentially by the difference in size 
between the drive wheel 154 and the driven wheel 148 
4o carrying the belt 1 52. . 

[0048] Accordingly, the. hard stop arrangement of 
Figure 6, is designed to enable rather less than two 
rotations of the shaft 1 56. In Figure 6, the shaft is shown 
at the extreme of clockwise rotation, in which the pin 
45 201 which rotates with the shaft 156 is pressing the 
intermediate stop member 203 which is freely rotatable 
on the ring 202, against the operating lever 207 of the 
micro switch 209. Anticlockwise rotation of the shaft 156 
■ causes corresponding anticlockwise movement of the 
so pin 201. After about one full orbit of the pin 201 around 
the axis of the shaft 156, the pin engages on the oppo- 
site side of the intermediate stop member 203, where- 
upon, the ring 202 then rotates anticlockwise 'with the 
• - shaft 156 for nearly one further complete turn until the 
55 cam surface 204 of the stop member 203 engages the 
operating lever 206 of the micro switch 208. . 
[0049] . It should be understood that under normal 
• control, the motor is stopped by the external controller 



5 



EP1 047101 A2 



10 



before operation of the micro switches 208 and 209. 
[0050] In order to ensure a hard stop beyond which 
the shaft 156 cannot rotate further, e.g. due to angular 
momentum following operation ot the associated micro 
switch, a further hard stop pin 21 0 is mounted in a fixed 
position relative to the housing of the shaft 156. Then, 
the intermediate stop member 203 can mechanically 
engage the hard stop pin 210 to prevent further move- 
ment. Springs 21 1 and 210 are provided on the interme- 
diate stop member 203 to ensure the intermediate stop 

. member 203 is shifted back to release the associated 
micro switch, when the shaft 156 rotates back again. 
[0051 ] Although embodiments of the invention have 
been described above in relation to a linearly scanned 
arm of the kind disclosed in International Patent Appli- 
cation No. WO 99/13488, it may be understood that 
other embodiments are also possible. All aspects of the 
invention are equally applicable to linearly scanned 
arms with different scanning mechanisms, such as 
those illustrated in U.S. Patent No. 5,229,615. In such 
an embodiment, it would be necessary to mount a 
motor for rotating the scanning arm about its own axis 

" on the. wafer "holder side of the linear scanning mecha- 
nism which, though possible, would be less advanta 
geous than the arrangement possible with the linear 
scanning arrangement of the above International patent 
application. By comparison, in the arrangement of the 
above International Patent publication, the entire scan- 
ning arm can be made rotatable about its own axis rela- 
tive to the linear sliding part 92 of the scanning 
mechanism 17, and the motor to drive this rotation of 
the arm can be mounted externally of the vacuum 
chamber. This greatly simplifies the construction and 
improves maintainability. Also rigidity of the scanning 
arm is improved. 

[0052] It Is t also feasible to employ the. arrange- 
ments disclosed herein for driving the rotation of the 
wafer holder about the axis of the wafer, in scanning 
arrangements in which the scanning arm is recipro- 
cated by rotating the arm about a rotary joint at an outer 
end of the arm, so that the wafer holder describes ah 
arc to and fro through the ion beam, similar to the 
arrangement disclosed in U.S. Patent No. 5,003,183. 
[0053] : Generally other variants and embodiments 
of the invention may be contemplated without departing 
from the invention as defined in the accompanying 
claims. 



Claims 



An ion implanter for sequentially processing single 
semiconductor wafers comprising: 

a scanning arm extending along a first axis 
between an outer end and an inner end, 
a wafer holder mounted on the inner end of 
said arm to hold a wafer in a plane generally 
parallel to said first axis and arranged for rota- 
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tion relative to the arm about a second axis 
centred on and perpendicular to the plane of a 
wafer on the wafer holder, 
a scanning mechanism connected to the outer 
end of said arm for repeatedly reciprocating the 
arm transversely of said first axis to scan a 
wafer on the wafer holder to and fro through an 
iph beam, 

a rotary motor mounted in the scanning arm 
inwardly of said outer end thereof, the rotary 
motor having its axis of rotation extending in 
the direction of said first axis and perpendicular 
to said second axis, 

and a right angle rotary drive mechanism con- 
necting the motor to the wafer holder for con- 
trolling rotation of the wafer holder about said 
second axis. 

. An ion implanter as claimed in Claim 1, wherein 
said right angle rotary drive mechanism comprises 
a right angle direct drive gear driven by the motor 
and a belt drive interconnecting the rfght'angle.gear 
and the wafer holder. " 

An ion implanter. as claimed in Claim 1 or Claim 2, 
wherein said right angle rotary drive mechanism - 
provides a reduction ration of R:1 (where R>1) 
between the motor and the wafer holder, and fur- 
ther includes a hard stop limiting rotation of the 
motor to a range of substantially R turns, such as to 
limit rotation of the wafer' holder to a maximum of 
just over 360°. 

An ion implanter as claimed in Claim 3, wherein the 
hard stop comprises: 

a shaft driven by the motor, 
a moving stop member mounted on said shaft 
at a predetermined radial distance from the 
axis of the shaft, at least one freely rotatable 
ring coaxial with said shaft, 
an intermediate stop member mounted on said 
ring at a radial position to be engaged on oppo- 
site sides by said moving stop member follow- 
ing rotation of said shaft by a maximum of up to 
one turn, 

and a fixed stop member located to be 
engaged on opposite sides, by said intermedin 
ate stop member following rotation of said ring 
by a maximum of up to one turn, 
whereby engagement of said intermediate stop 
member by said moving stop member, and 
then of said fixed stop member by said interme- 
diate stop member, limits rotation of said shaft 
to a maximum of up to two. turns. 

An ion implanter as claimed in any one of Claims 1 
to 4, wherein the wafer holder includes electrical 
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components and the implanter has a flexible con- 
ductor element to provide electrical connections 
from the scanning arm to the electrical components 
of the wafer holder, said flexible conductor element 
being coiled about said second axis to accommo- 5 
date rotation of the wafer holder by coiling and 
uncoiling. 

6. An ion implanter for sequentially processing single 
semiconductor wafers comprising a wafer holder 10 
mounted for rotation about an axis centred on and 
perpendicular to the plane of a wafer on the wafer 
holder, a rotary motor, and a drive mechanism con- 
necting the motor to the wafer holder to control rota- 
tion thereof about said axis, said drive mechanism 15 
providing a reduction ratio R:1, where R>1, 
between the motor and the wafer holder, and a hard 
stop limiting rotation of the motor to a range of sub- 
stantially R turns, such as to limit rotation of the 
wafer, holder to a maximum of just over 360°. 20 

7. An ion implanter as claimed in Claim 6, wherein the- 
wafer holder includes electrical components and 

: the implanter has a flexible conductor element to v 
provide electrical connections to the electrical com? 25 
ponents of the wafer holder, said flexible conductor 
element being coiled about said axis to accommo- 
date rotation of the wafer holder by coiling and 
uncoiling. 

30 

8. An ion implanter as claimed in Claim 6 or Claim 7, 
wherein the hard stop comprises: 

a shaft driven by the motor, 
a moving stop member mounted on said shaft . 35 
at a predetermined radial distance from the 
axis of the shaft, at least one freely rotatable 
ring coaxial with said shaft, 
f an intermediate stop member mounted on said 
ring at a radial position to be engaged on oppo- 40 
site sides by said moving stop member follow- 
ing rotation of said shaft by a maximum of up to 
one turn; ■ 

and a fixed stop member located to be 
engaged on opposite sides by said intermedi- 45 
ate stop member following rotation of said ring 
; by a maximum of up to one turn, 
whereby engagement of said intermediate stop 
member by said moving stop member, and 
: then of said fixed stop member by said interme- so 
- ' diate stop member, limits rotation of said shaft 
• to a maximum of up to two turns. 

9. • An ion implanter for sequentially processing single 
semiconductor wafers comprising a wafer holder 55 
including electrical components and mounted for 
rotation about an axis centred on and perpendicular 
■ . to the plane of a wafer on the wafer holder, a motor, 



a drive mechanism connecting the motor to the 
wafer holder for controlling rotation thereof about 
said axis, and a flexible conductor element to pro- 
vide electrical connections to the electrical compo- 
nents of the wafer holder, said flexible conductor 
element being coiled about said axis to accommo- 
date rotation of said wafer holder by coiling and 
uncoiling. 

10. An ion implanter for sequentially processing single 
semiconductor wafers, comprising a scanning arm 
extending along a generally horizontal axis 
between an outer end and an inner end, 

a wafer holder mounted on the inner end of 
said arm to hold a wafer ip a plane generally 
parallel to said horizontal axis, 
a scanning mechanism connected to the outer 
end of said arm for applying a repeated recipro- 
cating linear motion to the arm maintaining said 
axis generally horizontal, said linear motion 
being transverse to said axis to scan a wafer on 
j "".'.."'the .wafer holder to and fro through an ion 
beam, ~ " * : " 

and a tilt adjusting mechanism for rotating the 
scanning mechanism about an axis parallel to 
said horizontal axis of the scanning arm for 
adjusting the angle to the vertical of said linear 
reciprocating motion applied by said scanning 
mechanism, 

wherein the wafer holder is mounted for rota- 
tion about said horizontal axis of the arm rela- 
tive to said scanning mechanism. 

11. An ion implanter, as claimed in Claim 10, wherein 
the outer end of the scanning ami is mounted for 
rotation of the arm about said horizontal axis of the 
arm relative to said scanning mechanism. 



1 2. An ion implanter as claimed in Claim 1 1 and includ- 
ing a motor connected to said scanning arm for 
controlling the rotational position of said arm about 
said horizontal axis relative to the scanning mecha- 
nism. 

13. An ion implanter as claimed in Claim 12 including a 
wafer handling mechanism for unloading processed 
wafers from the wafer holder and loading fresh 

. wafers on to the wafer holder, and a controller 
- arranged so that between implants the wafer holder 
is moved into position for unloading and loading by 
said wafer handling mechanism by setting the tilt 
adjusting mechanism to make the linear reciprocat- 
ing motion substantially vertical, controlling the 
scanning mechanism to bring the scanning arm to 

. an. upper extreme oif said linear motion, with the 
wafer holder above the ion beam, and controlling 
said motor to rotate the scanning arm about its axis 
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to bring a wafer on the wafer holder to a substan- 
tially horizontal plane resting on top of the wafer 
holder. . ■ 
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